Background {#S0001}
==========

Multiple myeloma (MM) is a clonal plasma cell malignancy that accounts for approximately 2% of all malignancies. The annual incidence, age adjusted to the 2015 United Kingdom population was 9.3 per 100,000 resulting in 5540 cases per year. There was a slight male predominance.[@CIT0001]

Two articles provide evidence that all MM are preceded by monoclonal gammopathy of undetermined significance (MGUS).[@CIT0002],[@CIT0003] MGUS is characterised by the presence of monoclonal protein (M-protein) lower than 30 g/L, the presence of fewer than 10% plasma cells in the bone-marrow and the absence of end-organ damage such as hypercalcemia, renal insufficiency and bone lesion.[@CIT0004]

A systematic review of 14 studies suggested that crude prevalence of MGUS in those older than 50 years is 3.2% in a predominantly white population. MGUS is higher in black people (5.9--8.4%) than in white people.[@CIT0005] The study by Kyle et al[@CIT0006] found the prevalence of MGUS in Olmsted County, Minnesota, USA to be 4 fold higher in those older than 80 years (6.6%) compared with those aged 50 to 59 years (1.7%). The true prevalence of MGUS has not been estimated accurately, as prevalence estimates from studies were restricted to specific geographic areas or hospital populations and did not use sensitive electrophoretic methods.[@CIT0005]

Studies in Olmsted County have reported the occurrence of axial fractures is significantly increased in MGUS even in the absence of progression to MM.[@CIT0007] Other studies have shown that MGUS is a risk factor for fracture.[@CIT0008]--[@CIT0010] Studies have suggested that MGUS is associated with increased risk of arterial and venous thrombosis.[@CIT0011]--[@CIT0013] MGUS can cause monoclonal gammopathy of renal significance, a spectrum of renal disease that includes AL amyloidosis and proliferative glomerulonephritis with monoclonal immunoglobulin (Ig) deposits.[@CIT0014] MGUS can be associated with peripheral neuropathy.[@CIT0015] The management of these B-cell related disorders may need early intervention and a new concept of monoclonal gammopathy of clinical significance (MGCS) has been suggested.[@CIT0016]

Reported rates of progression of MGUS to myeloma vary and there are a limited number of studies on the risk of MGUS progression to MM in select population groups. Further, MGUS patients appear to undergo inadequate work-up, follow-up and treatment in a community setting.[@CIT0017] Guidelines suggest that serum protein electrophoresis (SPEP) should be performed if there is clinical suspicion of an M-protein-related disorder, raised total protein/globulin or immunoglobulins, particularly if one or more immunoglobulin classes (IgG, IgA, IgM) are reduced.[@CIT0018]

Despite advances in novel therapies for MM and improved understanding of health outcomes associated with MGUS, the value of reflex testing protein electrophoresis in patients with high serum globulin values remains controversial. Most studies on MGUS patient follow-up were carried out in the USA with landmark studies in Minnesota.[@CIT0006] We report on that seen in a real-world situation when screening for M-protein is carried out using serum samples, with globulin levels outside the reference range, is sent to the laboratory for analysis. Follow-up of patients with M-protein is carried out by community physicians. This is the first study to report on screening for patients with M-protein and patient follow-up by community physicians to be reported from the UK.

In South Worcestershire, UK, protein electrophoresis is carried out in patients with globulin values outside the reference range as a screening test for M-protein and MM. From the year 1977, protein electrophoresis was reflex tested in all patient samples with high globulin values, analysed in the laboratory.[@CIT0019] Reflex testing was part of the service offered by the laboratory, which in addition carried out SPEP requested through routine clinical care. We report on the natural history and follow-up of two cohorts of patients, those diagnosed in 2006 and followed up for a period of 10 years and those diagnosed prior to 2006 and followed for a period of greater than 10 years to evaluate if progression to LPD differs during the first years following diagnosis.[@CIT0020]

Patients and Methods {#S0003}
====================

In Worcester protein electrophoresis was carried out in samples sent for analysis to the laboratory when serum globulin (total protein-albumin) levels were ≤ 17 g/L and ≥37 g/L as part of the laboratory's role in screening and diagnosis of MGUS and MM. Screening at values ≤ 17g/L was carried out as immunoparesis may suggest the presence of light chain myeloma. The screening service was started in 1977 (19). Laboratory reference range for serum globulin ranged from 17-37 g/L. Serum globulin levels were measured as part of liver function test in patient samples analysed from hospital inpatient, outpatient clinics and community general practice. Reflex testing of protein electrophoresis was not restricted to a single discipline but was carried out on all serum samples sent for total protein and albumin. Serum albumin and total protein were measured as part of the liver function test, which included in addition the liver enzymes, alkaline phosphatase, gamma glutamyl transferase and alanine transaminase. Further, SPEP was also carried out if requested by clinicians, as part of routine clinical care, the latter were not based on serum globulin levels. As part of the service the laboratory advised on MGUS testing interval guidelines. The patients were followed from 1st April 2006 to 1st April 2016, a period of 10 years. The current laboratory information management system was introduced in April 2006 and the study was started and initiated from that date. The cohorts diagnosed prior to April 2006 (and followed for a period of 10 years or more) and those diagnosed during 2006 (and followed for a period of 10 years)were analysed separately. Patient follow-up was carried out as part of service evaluation of the protein electrophoresis routine service as required by National Health Service, UK (21). The evaluation followed strict internal quality assurance protocols. All patient data were analysed and patient confidentiality maintained in accordance with NHS data protection policy (22) and the Declaration of Helsinki.

Between April 2006 and April 2007 a total 9636 protein electrophoresis was carried out, of these approximately 55% were reflex tested based on abnormal serum globulin levels. Protein electrophoresis and immunofixation was carried out in 2006 using the Hydragel (Sebia UK). In 2011 the analytical method for detection, typing and quantitation of monoclonal protein (M-protein) was changed to capillary electrophoresis and immunosubtraction using the Capillarys (Sebia UK). Total protein was measured using the biuret method and albumin using the bromocresol green method (Roche, UK). Other laboratory parameters measured in patients with an M-protein were complete blood count, renal function, serum calcium and quantitation of immunoglobulins. The diagnostic criteria for MGUS was M-protein \<30 g/L, \<10% plasma cells in the bone marrow, absence of bone lytic lesions, anemia, hypercalcemia and renal insufficiency unless these could be attributed to other causes than plasma cell dyscrasias. In accordance with clinical practice bone marrow examination was deemed unnecessary unless the clinical index of suspicion was high. As a result bone marrow and skeletal survey results were not available in all patients and MGUS diagnosis was based on M-protein value, complete blood count, renal function and bone profile (calcium, phosphate, albumin and alkaline phosphatase in serum). The absence of bone marrow aspirate at the start of the study meant there was an uncertainty that asymptomatic LPD was present at baseline. These patients would have progressed to LPD at an earlier point in time during the follow-up period.

During April 2006 to March 2007, 163 patients were newly diagnosed with an M-protein, 36 patients were on long term follow-up at intervals of 6 months, and 357 patients on long term follow-up at intervals of 12 months. Of the 163 patients, detected with an M-protein in 2006, 23 were detected by non-reflex testing i.e.SPEP was carried out as a result of clinician request. Approximately 14.1% of the M-protein patientswere detected following requests through routine clinical care. The UK provides universal health care through the National Health Service. Patients with LPD are typically followed by hospital based hematologists. In Worcester, patients with M-protein who are asymptomatic at diagnosis are followed up by community based clinicians. Patients referred to hospital based hematologists because of clinical/biochemical concerns of LPDor complications of LPD, at diagnosis, were not included in the study. The latter patients were excluded as they were followed up by hospital based clinical hematologists and the study is based on patients with M-protein monitored by community based general practitioners. The current analysis covers 10 y clinical follow-up of the 163 patients newly diagnosed with M-protein during the period 2006-2007, and 393patients on long term follow-up during 2006 (36 on follow up for 6 months and 357 on long term follow up for 12 months). Follow-up of these patients was at the direction of community general practitioners with advice by the laboratory on testing intervals. Testing intervals were advised as a follow-up period of 3 months following detection of the M-protein. If there was no change in patient status at 3 months, patient follow-up was advised at 6 or 12 monthly intervals. If patients were not followed up at the appropriate time a letter was written to the community medical practitioner. From 2011, the laboratory initiated SPEP, renal function and bone profile if other laboratory tests were requested on serum samples from patients with M-protein who had no follow-up for a period of 6 months. The primary end point of the study was progression to LPD. Investigation for further progression to myeloma was based on increasing values in M-protein, development of hypercalcemia, anemia, decrease in renal function of unknown cause and clinical symptoms (bone pain, increased infection, and lytic lesions in the bone) developed. In the UK, a community physician who detects progression to malignancy in a patient with M-protein will refer the patient to a hematology specialist in a hospital center for further investigation and treatment. Referral to hospital based specialist care was based on the development of clinical symptoms, changes in biochemistry or complete blood count data and was at the request of the community medical practitioner. Diagnosis of myeloma was based on bone marrow biopsy and plasma cells \>10% in the bone marrow.Clinical details of patients were obtained by review of each patient's inpatient and outpatient medical records.

Statistical analysis {#S0004}
====================

The end points with respect to progression to LPD or death was calculated with the use of Kaplan-Meier estimate using GraphPad Prism software. Prism uses log-rank (Mantel-Cox) test to compare two survival curves. Hazard ratios to compare slopes of survival curves were calculated by Prism based on the log-rank method. ([<https://www.graphpad.com/>]{.ul}).The age specific detection and follow-up rate of patients with M-protein was calculated using the mid-2006 South (S) Worcestershire population data from the Office of National Statistics, UK.

Results {#S0005}
=======

Patient demographics and baseline characteristics at the start of the study (April 2006)

The median age of the 163 patients diagnosed with M-protein during the period April 2006 to March 2007 was 75 years (range 36--99), 87 patients were male and 76 were female. The average concentration of the M-protein was 7.4 g/L (range 1--41), creatinine 119.6 µmoll/L (range 3--633), haemoglobin 12.1 g/dl. (range 6.1--16.7). The median age of 393 patients on long term follow-up was 77 years (range 36--98), 215 patients were male and 178 were female. The average concentration of the M-protein was 7.1 g/L (range 0--46), creatinine 104 µmoll/L (range 36--743) and haemoglobin 12.9 g/dl. (range 7.6--18.1). The distribution of M-protein at detection, from April 2006 to March 2007, according to globulin levels are given in [Figure 1](#F0001){ref-type="fig"}. Of the 163 patients with newly diagnosed M-protein, 44% were diagnosed at globulin levels in the range 35--39g/L, 8.2% of this cohort progressed to LPD. Twenty-five percent of patients with M-protein were diagnosed at globulin levels of 40--44 g/L, 5% progressed to LPD.Figure 1M-protein distribution according to globulin levels at detection.

Distribution of M-protein according to age for patients diagnosed in 2006 and for patient diagnosed prior to 2006 is shown in [Figure 2](#F0002){ref-type="fig"}. The number of new patients with M-protein detected in 2006 in the laboratory which included reflex testing of SPEP at high globulin values increased with age and was 0.009% (as a percentage of the total population in S. Worcestershire) at 35--39 years (y), 0.025% at 45--49 y, 0.033% at 55--59 y, 0.1% at 60--64y, 0.18% at 70--74 y, 0.26% at 75--79y and 0.6% at 90--100 y. The total number of patients monitored by community physicians increased with age and was 0.02% at 35--39 y, 0.05% at 45--49 y, 0.14% at 55--59 y, 0.25% at 60--64y, 0.66% at 70--74 y, 1.12% at 75--79y, 0.97% at 80--84 y and 1.7% at 85--89 y. The total number of patients with M-protein followed up by community physicians was 0.3% of the 172,900 residents of South Worcestershire, 35 years or older.Figure 2Distribution of patients with M-protein according to age. N=number patients with M-protein.

Patient cohort was divided into those who were on long term follow-up at the start of the study (\>10y) and those diagnosed at the start of the study (April 2006). The two cohorts were analysed separately for demography, survival and LPD-free survival. However, total survival and loss to follow-up are also given in combination for both cohorts. Progression to LPD depending on immunoglobulin isotype is given by combining both cohorts to increase the number of patients in each subgroup.

The distribution of immunoglobulin isotype among patients is shown in [Figure 3](#F0003){ref-type="fig"}. When both cohorts were combined, sixty-eight percent had M-protein with IgG isotype, 17% with an IgM isotype, 8% an IgA isotype and 5% were biclonal (two different types of M-protein). One 81 y old male with a serum free kappa light chains (determined by immunofixation) in serum, followed up by community physicians, died within a year of start of the study.Figure 3M-protein distribution according to immunoglobulin isotype.

Progression to Lymphoplasma-Cell Proliferative Disorders {#S0005-S2001}
--------------------------------------------------------

The 163 patients diagnosed in 2006--2007 were followed for a total of 797 person years (median 4y, range 0--10). Three hundred and ninety-three patients diagnosed prior to 2006 were followed for a total of 2328 person years (median 7.3y, range 1--10). Progression and follow-up times were calculated from the start of the study, April 2006. Of the 556 patients (when both cohorts were combined) in the study, during the study, 38.3% died without evidence of LPD, 25.2% were lost to follow-up and 12.0% diagnosed with transient M-protein. Of the patients lost to follow-up, 38% died of unrelated causes. Of the 556 patients 10.9% had stable M-protein, 4.9% showed increasing M-protein values and 8.7% developed lymphoplasma-cell proliferative disorders. During follow-up lymphoplasma-cell proliferative disorders developed in 48 patients ([Table 1](#T0001){ref-type="table"}).Table 1Type of Progression During 10-Year Follow-UpLPDPatients Diagnosed with an M-Protein in 2006 (N)Patients Diagnosed with an M-Protein Prior to 2006 (N)Multiple myeloma913Waldenstrom's macroglobulinemia36Smouldering myeloma14Myelodysplastic syndrome11Chronic myelomonocytic leukemia1Chronic lymphocytic leukemia2Other lymphoma4Acute myeloid leukemia2Marginal zone lymphoma1

The cumulative survival of patients with M-protein diagnosed in 2006 is compared with patients diagnosed prior to 2006 ([Figure 4](#F0004){ref-type="fig"}). The comparison showed a slightly lower survival rate for patients diagnosed during 2006 (35.5% to 43.5%, *ρ*\<0.002, HR=1.462 (1.18--1.95)). The graph suggests increasing risk of mortality during the first year of follow-up for patients diagnosed during 2006, this was attributed to death due to factors other than LPD.Figure 4Survival curves of patients diagnosed with M-protein.

Three patients diagnosed during the 10-year follow-up and 2 patients diagnosed prior to 2006 with an M-protein greater than 30 g/L were under the care of community physicians. Four of the patients were referred to hospital-based hematology specialists and diagnosed with MM within a year of start of the study, April 2006. One 86 y old patient monitored by community general physicians was not followed up after September 2006. A total of 12 patients with M-protein values between 20 and 29 g/L were monitored by community physicians. Patient characteristics are given in [Table 2](#T0002){ref-type="table"}. Progression during the 10-year follow-up period according to initial M-protein value at the beginning of the study is summarised in [Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}. Case progression occurred in patients with an initial M-protein concentrations from 3 g/L. Progression of MGUS to myeloma is illustrated in two case studies in the [[Supplementary materials](http://www.dovepress.com/get_supplementary_file.php?f=255390.docx)]{.ul} section. Both cases illustrate the continued risk of progression at long term follow-up.Table 2Details of Patients with M-Protein in the Range 20--29g/L Monitored by Community PhysiciansPatientM-Protein (g/L)M-Protein IsotypeAge/SexDetails and Time to Death from Start of the Study (Days)10-year follow-up123IgG95F0222IgGK75FAutoimmune hepatitis\>10-year follow-up325IgGL95F231421IgG83MIncrease in M-protein value, 1029520IgGL64MSeropositive RA treated with methotrexate, prednisolone, alendronic acid621IgG76M594724IgGK86M103821IgGL72M367929IgGL67FStable band, 6841021IgGL86M7121121IgMK83FStable band, 17681226IgG86F4 Figure 5(**A**) Patients diagnosed during 2006. Progression to LPD according to M-protein value at diagnosis. (**B**) Patients diagnosed prior to 2006. Progression to LPD according to M-protein value at start of study.

Overall LPD-Free Survival {#S0005-S2002}
-------------------------

[Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"} shows the LPD-free survival curves with and without censoring subjects for competing causes (death due to causes other than LPD, patients lost to follow-up and transient M-protein). The risk of progression to LPD did not differ between patients followed for 10 years and those followed for a period \>10 years (90.8% LPD-free survival at 10 years and 91.6% at a period \>10 years). LPD-free survival when death due to causes other than LPD, transient M-protein and loss to follow-up were censored was 72.9% at 10-year follow-up and 78.6% at follow-up greater than 10 years. Overall LPD-free survival was significantly lower (p\<0.02) when competing causes were censored in the Kaplan--Meier plot.Figure 6(**A**) LPD-free survival curves for patients diagnosed with an M-protein in 2006. (**B**) LPD-free survival curve for patients diagnosed with an M-protein prior to 2006.

Analysis According to Immunoglobulin Group {#S0005-S2003}
------------------------------------------

The baseline characteristics of patients, when both cohorts were combined, according to M-protein immunoglobulin isotype is given in [Table 3](#T0003){ref-type="table"}. The percentage of patients who developed LPD over a period of 10 years for IgG MGUS: 6.8%, IgM MGUS: 8.8%. IgA MGUS was 15.2% and biclonal MGUS: 23.7%. The LPD-free survival for each individual immunoglobulin isotypes when competing causes, death due to unrelated events, loss to follow-up or transient M-protein were censored is shown in [Figure 7](#F0007){ref-type="fig"}. Overall LPD-free survival was significantly lower for patients with biclonal M-protein (*ρ*\<0.003, HR=4.433 (3.812--93.02)) and IgA M-protein (*ρ*\<0.06, HR=2.197 (0.97--8.62)) when compared to IgG MGUS patients. When patients with IgM M-protein were considered LPD-free survival was similar to patients with an IgG M-protein (*ρ*\>0.3, HR=1.455 (0.66--3.5)). However, the slopes of the survival curves suggested that the risk of progression was higher for IgM MGUS patients.Table 3Characteristics of Patients in Type-Specific Immunoglobulin Groups in April 2006Immunoglobulin IsotypeNProgression to LPD (N)Age (Years)M-Protein Value g/LIgG (RR 7--16 g/L)IgA (RR 0.7--4.0 g/L)IgM (RR 0.4--2.3 g/L)Creatinine (RR 62--106 µmol/L)Hemoglobin (RR 11.5--16.4 g/dL)IgG3812674.5 (36--99)7.5 (0--41)2.6 (0.2--16.7)0.97 (0.1--6.5)111 (29--743)12.9 (6.6--17.1)IgA46773.2 (45--91)6.8 (0--46)10.8 (2.9--22.1)0.66 (0.1--1.9)95.2 (40--348)12.4 (7.6--16.1)IgM102975.3 (44--96)6.4 (0--37)11.5 (2.2--25.4)2.74 (0.2--11.3)110.9 (40--633)12.5 (7.3--18.1)Biclonal26674.4 (40--94)7.64 (0--30)85.7 (48--144)12.8 (6.1--16.7)[^1] Figure 7LPD-free survival curve according to subtype of MGUS.

Discussion {#S0006}
==========

Clinical guidelines recommend screening at high serum globulin values for M-protein and follow-up of patients with MGUS, but evidence supporting this practice is lacking. This study describes the use of screening for M-protein using serum globulin values as part of the routine SPEP service, and the clinical follow-up of M-protein patients by community physicians. Routine screening of serum samples sent to the laboratory for analysis may serve as an alternative to population screening for MGUS. It is now known that MGUS precedes all cases of M-protein associated malignancy.[@CIT0002],[@CIT0003] The study suggests the M-protein is found in serum globulin values within the reference range. The optimal serum globulin levels for the detection of M-protein remain to be determined. Our study suggests that a cut-off at the upper reference limit for serum globulin was associated with significant detection of patients with M-protein who developed malignant transformation. M-protein was identified in 3.2% of the 21,463 residents of Olmsted County, Minnesota, 50 years of age or older.[@CIT0006] If the prevalence of M-protein is similar in Worcestershire, about 10% of the 172,900 residents, 35 years or older, with M-protein, were identified following screening of samples sent for analysis in the laboratory. The study suggests that the prevalence of M-protein as determined by population screening identifies more patients with M-protein than reflex testing at high globulin levels. In this study the prevalence of M-protein identified by routine screening was higher in men than in women. A finding corroborated by other studies.[@CIT0023] Previous studies suggest that only 21% of 70-year-old patients with MGUS have been recognised during routine clinical practice in a large population-based cohort. At the time of clinical recognition the median duration of the patient's MGUS was estimated to be 11 years.[@CIT0024] A true detection of all patients with MGUS would require serial sampling of the S. Worcestershire population and this is not feasible at present. The current practice of screening patients for M-protein at serum globulin values greater than the upper reference range was considered a practical alternative.

The most common immunoglobulin type in M-protein identified in this study was IgG (two-thirds of cases). This finding is similar to a study in the USA[@CIT0006] and in France.[@CIT0025] IgM MGUS was found in 17% of our patients and in the American study[@CIT0006] and in 24% of patients in the French study[@CIT0025] suggesting geographical differences in MGUS immunoglobulin isotype distribution.

Prior studies have shown that patients with MGUS are at increased risk of progression or death compared to an age-matched control population.[@CIT0026] We describe the overall survival for patients with M-protein as 35.5% for patient followed up for 10 years and 43.5% for patients followed up for \>10 years. There was an increased risk of mortality during the first year of follow-up, following the first detection of the M-protein. Routine and reflex SPEP was carried out in sera sent to the laboratory for investigation of patients with clinical comorbidities and were more likely to be at increased risk of death from causes unrelated to LPD. M-protein was transient in 12% of patients and was likely to be secondary to non-LPD disorders. The high disappearance rate of the M-protein on longitudinal analysis suggests that non-malignant causes are detected by reflex testing. Progression to LPD occurred in patients with M-protein values of 3g/L. Previous studies have shown that values of 5g/L M-protein or a stable M-protein do not exclude MM development.[@CIT0003] Although the risk of progression to MM may be low in patients with M-protein of 5g/L these findings suggest that lifelong surveillance is important in all patients with M-protein.

In the Minnesota epidemiological studies the risk of progression to a lymphoid disorder without accounting for death due to competing causes was 10% at 10 years, 18% at 20 years, 28% at 30 years, 36% at 35 years, and 36% at 40 years.[@CIT0026] In Swedish hospital MGUS patients the cumulative risk for any malignancy was 8.9% in the first 10 years.[@CIT0027] In a small German population series of 165 MGUS patients progression rate to MM or WM was 0.6%/year.[@CIT0028] The risk of progression to LPD reported for MGUS patients varied between studies and the variation can be attributed at least in part to differences in the selected patient populations and study design.[@CIT0029]

There are few studies on long term follow-up of patients with M-protein, most studies cover periods of 5--10 years,[@CIT0020],[@CIT0030] and most studies are epidemiological studies based in Southeastern Minnesota.[@CIT0026] Few studies on the practice of MGUS follow-up or the natural history of patients diagnosed in the UK are available. This is the first study to report on the follow-up of patients with M-protein which included those diagnosed by screening at globulin values outside the reference range. The study is divided into two cohorts, those diagnosed with an M-protein in 2006 and those diagnosed prior to 2006. The time of follow-up varied from 10 years to \>10 years. It is possible that the rate of progression is weighted towards the years of follow-up, rates being highest in the first years, this may result in more frequent follow-up during the first years of diagnosis.[@CIT0020]

In this study, cumulative LPD-free survival from April 2006 (not accounting for death due to other causes, loss to follow-up or transient M-protein which are competing risk factors) was 91% at 10 years and at \>10 years. LPD-free survival decreased to 72.9% at 10 years and 78.6% at \>10years if competing factors (death, loss to follow-up and transient M-protein) were censored in the analysis. The risk of transformation to LPD did not diminish even after 10 years. If competing factors were taken into account, approximately one in four of the patients followed over a period of 10 years or longer was at risk of developing a lymphoid malignancy. Other studies suggest that the risk of progression was higher during the first two years of follow-up.[@CIT0020] Previous studies suggest that the progression to plasma cell malignancy is indefinite and persists even after more than 30 years follow-up.[@CIT0031] The United Kingdom Myeloma Forum and Nordic Myeloma Study Group stress the importance of regular laboratory and clinical evaluation of these patients.[@CIT0018]

Similar to previous reports we found a difference in risk of progression between IgG MGUS and non-IgG MGUS. We found that IgM MGUS had a similar survival rate to IgG MGUS. We report that IgA MGUS and biclonal gammopathies have a higher rate of malignant transformation than IgG MGUS and IgM MGUS. An association was found between IgA MGUS and risk of progression in previous studies.[@CIT0032],[@CIT0033] The Mayo clinic study reported an association between the risk of progression and free light chain ratio, M-protein concentration and isotype. In addition to factors considered by the Mayo Clinic, immunoparesis[@CIT0027] and the proportion of aberrant cells within the bone marrow are further variables that can classify progression to MM.[@CIT0034]

The Mayo study reported a lower risk of progression for IgG MGUS compared to non-IgG MGUS.[@CIT0035] We did not observe a difference between the risk of progression of IgG MGUS and IgM MGUS. Other studies have reported no difference in risk progression between non-IgG vs IgG MGUS.[@CIT0027] The reason for these differences is not clear. The interpretation of the association of MGUS isotypes with progression is complicated by different populations of study subjects and different types of lymphoid malignancies in each study. Genetic susceptibility to LPD may differ between populations and predispose to different forms of LPD.[@CIT0036]

Previous studies have reported that a model using abnormal serum-free light chain ratio as well as immunoglobulin heavy chain isotype is a better predictor of risk of progression. A limitation of this study is that serum-free light chain values were not included, as serum-free light chain measurement was introduced in Worcestershire after 2006. Our study, however, is similar to previous studies which reported a cumulative risk of progression to LPD of approximately 1% per year[@CIT0024] and a higher risk of transformation for IgA MGUS.[@CIT0037] Further, in a population-based cohort 3.3% of patients had abnormal serum-free light chain ratio.[@CIT0038] Serum-free light chains can be used to detect light chain myeloma and as the measurement of serum-free light chains was not available, light chain MGUS patients are not be included in the study.

There are currently few retrospective data available regarding the efficacy of monitoring and optimal follow-up of MGUS patients in the UK. Previous studies in the United States show demographic differences in the risk of progression to LPD.[@CIT0039] Two articles provide evidence that all MM are preceded by MGUS.[@CIT0002],[@CIT0003] Previous studies suggest that patients with MM with prior knowledge of MGUS had better MM survival, and stress the importance of clinical follow-up.[@CIT0040] In a study in the Unites States 6% of study patients had MGUS follow-up.[@CIT0041] In the Mayo Clinic an institution with long-standing clinical and laboratory interest in MGUS, 69% of MGUS patients who progressed to MM had optimal follow-up. Optimal follow-up resulted in lower incidence of MM diagnosis secondary to onset of serious symptoms compared with patients followed less frequently.[@CIT0042] In the current study 25.2% of patients were lost to follow-up. A total of 17 patients with M-protein value of \>20g/L were followed up by community general physicians. It is possible that abnormal laboratory values or symptoms were not fully investigated, thus providing potential for missed early diagnosis. Further clinical evaluation of patients with M-protein \>20 g/L for progression to MM was less in the cohort diagnosed prior to 2006. Post-2006, behavioural change among practising clinicians in the follow-up of MGUS is likely based on the revised perception of MM as a treatable malignancy concomitant with the introduction of highly effective less toxic therapeutic reagents. Community-based physicians may need further information stressing the symptoms that could signal the progression to malignant neoplasm, despite the low risk of progression.

The limitations of this study are that this is a single-center retrospective study and data collection was from medical and laboratory records, and 25.2% of patients were lost to follow-up. However patient selection was based on all the patients on the laboratory information system which recorded all patients followed up by community physicians with laboratory support. We do not believe that loss to follow-up, which was not based on patient demographics led to sample bias. Nearly all studies on this subject are retrospective single-center based. Two prospective studies have reported a lower incidence of malignant transformation.[@CIT0032],[@CIT0043] It is also likely that screen-detected patients with M-protein have a different clinical course than patients with M-protein detected following clinical request. Possible reasons are that screen-detected M-protein patients have a more indolent course due to decreased co-morbidities, or that clinically detected patients undergo a more thorough clinical evaluation.[@CIT0020] It is also possible that screen-detected patients from a hospital patient other than a community based screening program have varying co-morbidities and a different prognosis. Strengths of this study are its large sample size and length of follow-up. The study reflects that seen in a real-world situation, when patients with M-protein are followed up by community physicians with support from the laboratory.

Conclusions {#S0007}
===========

To our knowledge this is the first retrospective study in the UK investigating the follow-up of patients diagnosed with M-protein using a service that included reflex testing at globulin values outside the reference range. Monitoring of asymptomatic patients was carried out by community-based physicians with laboratory support on testing intervals and patient follow-up. Similar to previous studies we report the clinical prevalence of M-protein diagnosed by reflex testing to be lower than the serologic prevalence.[@CIT0044] In this study approximately 25% of patients were lost to follow-up. Community-based physicians may benefit from further education on the follow-up of patients with M-protein. MGUS follow-up patterns varied geographically and demographically across the US.[@CIT0045] From a public health point of view it is essential to determine the clinical prevalence of MGUS and the healthcare burden of MGUS follow-up by community physicians instead of hospital-based specialist hematologists. In the US there is a projected shortage of haematologists-oncologists by 2020.[@CIT0046] Further studies are necessary to evaluate MGUS follow-up patterns across the UK. Such studies may provide data for improving clinical follow-up of MGUS patients as well as estimating the healthcare burden of MGUS in the UK.
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